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AB We investigated whether the uptake of a specific antipsychotic 
agent, 

sulpiride, in Caco-2 cells is mediated by a carrier-mediated 
system. 

Caco-2 cell monolayers were cultured in plastic culture dishes and 
uptake 

and efflux studies were conducted. The determination of sulpiride 
was 

performed by HPLC. At 37 degrees C, sulpiride uptake in pH 6.0 
was twice 

as much as in pH 7.4. At 4 degrees C, however, no significant 
difference 

was observed between pH 6.0 and 7.4. The uptake at 4 degrees C 
was 

markedly lower than that obtained at 37 degrees C. The 

subtraction of the 

uptake at 4 degrees C from the uptake at 37 degrees C indicated a 
saturable process, and the result of the Eadie-Hofstee plot analysis 
indicated that the uptake consists of two or more saturable 

components. 

The uptake was significantly inhibited by uncoupler, 

protonophore, amino 

acid modifying agent and proteinase. Sulpiride efflux was 
temperature-dependent and was significantly inhibited by 

uncoupler and 

amino acid modifying agent. These findings indicate that sulpiride 
uptake 

and efflux in Caco-2 cells are carrier-mediated. Furthermore, the 
uptake 

was significantly decreased by some substrates and inhibitors of 
peptide 

* * *transporter* * * , PEPT 1 , and organic cation 
♦♦♦transporters*** , 

***OCTNl*** and OCTN2, and was significantly increased by 
preloading 

with them. The uptake was also significantly increased by a 
typical 

substrate of P-glycoprotein. From these findings, we presumed 



that peptide 

♦♦♦transporter*** PEPT1 and organic cation 
♦♦♦transporters*** 

♦♦♦OCTN1*** and OCTN2 are involved with this uptake. 
P-glycoprotein may 

also contribute to the efflux of sulpiride. 
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AB The pharmacological properties of a specific agmatine uptake 
mechanism 

were investigated in the human glioma cell line SK-MG-1 and 
compared with 

those of the putrescine transporter expressed by the same cells and 
with 

those of several other organic cation transport systems or ion 
channels 

reported in the literature. The specific accumulation of 
[14C]agmatine at 

37 degrees C above nonspecific accumulation at 4 degrees C was 

energy-dependent and saturable with a Vmax of 64.3+A3.5 
nmol/min per mg 

protein and a Km of 8.6+/-1.4 microM. Specific accumulation 
was attenuated 

by replacement of extracellular Na+ by choline by 65%, not 
affected by 

lithium and enhanced by replacement by sucrose. Phentolamine, 
clonidine, 

l,3-di(2-tolyl)guanidine, histamine, putrescine, spermine and 
spermidine 

were inhibitors of specific [14C] agmatine accumulation. In 
contrast, 

corticosterone, desipramine, O-methylisoprenaline, cirazoline, 
moxonidine, 

L-arginine, L-lysine, verapamil, nifedipine and CdC12 at 
concentrations up 

to 10 mM failed to inhibit specific [14C]agmatine accumulation, 
thus 

excluding that the latter is mediated by amino acid or monoamine 
carriers, 

by Ca2+ channels or by the organic cation ***transporters*** 
OCT1, 

OCT2,OCT3, ♦♦♦OCTN1*** or OCTN2. The pattern of 
activity of 

inhibitory compounds was also different from that determined for 
specific 

putrescine accumulation found in the same cells (Km 1.3+/-0. 1 
microM, Vmax 

26.1+/-0.4 nmol/min per mg protein) ruling out an identity of the 
specific 

[14C]agmatine and [14C]putrescine accumulation mechanisms. It 
is concluded 

that specific accumulation of agmatine in human glioma cells is 



mediated 

by a specific transporter whose pharmacological properties are not 
identical to those of the agmatine transporter previously identified 

in 

rat brain synaptosomes and to other so far known carrier 
mechanisms for 

organic cations and ion channels. The agmatine uptake system 
may be 

important for the regulation of the extracellular concentration of 
agmatine in man. 
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AB The intracellular homeostasis is controlled by different 
membrane 

transporters. Organic cation transporters function primarily in the 
elimination of cationic drugs, endogenous amines, and other 
xenobiotics in 

tissues such as the kidney, intestine, and liver. Among these 
molecules, 

carnitine is an endogenous amine which is an essential cofactor for 
mitochondrial beta-oxidation. Recently, a new family of 
transporters, 

named OCT (organic cation transporters) has been described. In 
this 

minireview, we present the recent knowledge about OCT and 
focus on 

carnitine transport, more particularly by the OCTN2. The 
importance of 

this sodium-dependent carnitine cotransporter, OCTN2, comes 
from various 

recently reported mutations in the gene which give rise to the 
primary 

systemic carnitine deficiency (SCD; OMIM 212140). The SCD is 
an autosomal 

recessive disorder of fatty acid oxidation characterized by skeletal 
myopathy, progressive cardiomyopathy, hypoglycemia and 

hyperammonemia. 

Most of the OCTN2 mutations identified in humans with SCD 

result in loss 

of carnitine transport function. Identifying these mutations will 
allow an 

easy targeting of the SCD syndrome. The characteristics of the 
juvenile 

visceral steatosis (jvs) mouse, an animal model of SCD showing 
similar 

symptoms as humans having this genetic disorder, are also 
described. These 

mice have a mutation in the gene encoding the mouse carnitine 
transporter 

octn2. Although various OCTN carnitine transporters have been 



identified 

and functionally characterized, their membrane localization and 
regulation 

are still unknown and must be investigated. This knowledge will 
also help 

in designing new drugs that regulate carnitine transport activity. 
Copyright 2001 Academic Press. 
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AB Previous inhibition studies with taurocholate and cardiac 
glycosides 

suggested the presence of separate uptake systems for small "type 

I" 

(system 1) and for bulky "type II" (system2) organic cations in rat 
hepatocytes. To identify the transport systems involved in type I 
and type 

II organic cation uptake, we compared the organic cation transport 
properties of the rat and human organic cation transporter 1 
(rOCTl; 

hOCTl) and of the organic anion-transporting polypeptides 2 and 
A (rat 

Oatp2; human OATP-A) in cRNA-injected Xenopus laevis 
oocytes. Based on 

characteristic cis-inhibition patterns of rOCTl -mediated 

tributylmethylammonium and Oatp2-mediated rocuronium 
uptake, rOCTl and 

Oatp2 could be identified as the organic cation uptake systems 1 
and 2, 

respectively, in rat liver. While hOCTl exhibited similar transport 
properties as rOCTl, OATP-A- but not Oatp2-mediated 

rocuronium uptake was 

inhibited by the OATP-A substrate N-methyl-quinidine. The latter 

substrate 

was also transported by rOCTl and hOCTl, demonstrating 
distinct organic 

cation transport activities for rOCTl and Oatp2 and overlapping 
organic 

cation transport activities for hOCTl and OATP-A. Finally, the 
data 

demonstrate that unmethylated quinidine is transported by 
rOCTl, hOCTl, 

and OATP-A at pH 6.0, but not at pH 7.5, indicating that 
quinidine 

requires a positive charge for carrier-mediated uptake into 
hepatocytes. 

In conclusion, the studies demonstrate that in rat liver the 
suggested 

organic cation uptake systems 1 and 2 correspond to rOCTl and 



Oatp2, 

respectively. However, the rat-based type I and II organic cation 
transporter classification cannot be extended without modification 
from 

rat to human. 
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AB BACKGROUND: Information on the molecular basis 
underlying organic anion 

and cation transport in renal tubules has expanded in recent years 
with 

the identification and characterization of numerous transporters. 
However, 

little is known about the regulation of this transport. METHODS: 
Both 

English and Russian language studies dealing with the regulation 

of 

organic ion transport by the kidney have been reviewed. 
RESULTS: This 

review summarizes the literature on the physiological and 
pharmacological 

aspects of the regulation of organic ion transport, linking this 

information where possible to underlying transport mechanisms. 
Current 

models of the tubular secretion of organic anions and cations are 
reviewed. Factors that inhibit or enhance tubular secretion of 
xenobiotics 

are described, and their influence on proximal tubule cell transport 
and 

function is discussed. Important roles for substrate stimulation, the 
adrenergic nervous system, numerous hormones, P-glycoprotein, 
and protein 

kinase C activity have been identified. CONCLUSIONS: Despite 
considerable 

advances in the understanding of basic transport pathways and 
mechanisms 

involved in the tubular secretion of organic compounds, there is 
still 

relatively little information on the regulation of this transport. 
Studies 

combining the techniques of integrative and cell physiology and 
molecular 

biology will provide significant new insights into the pathways 
regulating 

the tubular transport of these compounds. 
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AB Carnitine is essential for beta-oxidation of fatty acids, and a 
defect of 

cell membrane transport of carnitine leads to fatal systemic 
carnitine 

deficiency. We have already shown that a defect of the organic 
cation/carnitine transporter OCTN2 is a primary cause of 
systemic 

carnitine deficiency. In the present study, we further isolated and 
characterized new members of the OCTN family, OCTN1 and -3, 
in mice. All 

three members were expressed commonly in kidney, and OCTN1 
and -2 were 

also expressed in various tissues, whereas OCTN3 was 
characterized by 

predominant expression in testis. When their cDNAs were 
trans fected into 

HEK293 cells, the cells exhibited transport activity for carnitine 
and/or 

the organic cation tetraethylammonium (TEA). Carnitine 
transport by OCTN 1 

and OCTN2 was Na(+)-dependent, whereas that by OCTN3 was 

Na(+)-independent. TEA was transported by OCTN1 and 
OCTN2 but not by 

OCTN3. The relative uptake activity ratios of carnitine to TEA 
were 1.78, 

1 1.3, and 746 for OCTN1, -2, and -3, respectively, suggesting 
high 

specificity of OCTN3 for carnitine and significantly lower 
carnitine 

transport activity of OCTN I. Thus, OCTN3 is unique in its 
limited tissue 

distribution and Na(+)- independent carnitine transport, whereas 
OCTN1 

efficiently transported TEA with minimal expression of carnitine 
transport 

activity and may have a different role from other members of the 
OCTN 
family. 
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AB This report describes the structure, function, and tissue 
distribution 

pattern of rat * * *OCTN 1 * * * (novel organic cation 
♦♦♦transporter*** 

1). The rat ***oCTNl*** cDNA was isolated from a rat 
placental cDNA 

library. The cDNA is 2258 bp long and codes for a protein of 553 
amino 

acids. Its amino acid sequence bears high homology to human 
OCTO1 (85% 

identity) and rat OCTN2 (74% identity). When expressed 
heterologously in 

mammalian cells, rat OCTN1 mediates Na(+)-independent and 
pH-dependent 

transport of the prototypical organic cation tetraethylammonium. 
The 

transporter interacts with a variety of structurally diverse organic 
cations such as desipramine, dimethylamiloride, cimetidine, 
procainamide, 

and verapamil. Carnitine, a zwitterion, interacts with rat OCTN1 
with a 

very low affinity. However, the transport of carnitine via rat 
OCTN1 is 

not evident in the presence or absence of Na(+). We conclude that 

rat 

* **OCTN 1 ♦ ** is a multispecific organic cation 
♦♦♦transporter*** . 

***OCTNl*** -specific mRNA transcripts are present in a wide 
variety of 

tissues in the rat, principally in the liver, intestine, kidney, brain, 
heart and placenta. In situ hybridization shows the distribution 
pattern 

of the transcripts in the brain (cerebellum, hippocampus and 
cortex), 

kidney (cortex and medulla with relatively more abundance in the 
cortical-medullary junction), heart (myocardium and valves) and 
placenta 

(labyrinthine zone). 
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AB Here we review the structural and functional properties of 
organic anion 

transporters (OAT1, OAT2, OAT3) and organic cation 
♦♦♦transporters*** 

( ♦♦♦OCTN1*** ,OCTN2,OCTl,OCT2,OCT3),someof 
which are involved in 

renal proximal tubular organic anion and cation secretion. These 

transporters share a predicted 12-transmembrane domain (TMD) 
structure 

with a large extracellular loop between TMD1 and TMD2, 
carrying potential 

N-glycosylation sites. Conserved amino acid motifs revealed a 
relationship 

to the sugar transporter family within the major facilitator 
superfamily. 

Following heterologous expression, most OATs transported the 
model anion 

p-aminohippurate (PAH). OAT1, but not OAT2, exhibited 
PAH-alpha- 

ketoglutarate exchange. OCT 1-3 transported the model cations 
tetraethylammonium (TEA), N(l)-methy (nicotinamide, and 
l-methyl-4-phenylpyridinium. OCTNs exhibited transport of TEA 
and/or 

preferably the zwitterionic carnitine. Substrate substitution as well 

as 

cis-inhibition experiments demonstrated polyspecificity of the 
OATs, OCTs, 

and OCTN1. On the basis of comparison of the structurally 
closely related 

OATs and OCTs, it may be possible to delineate the binding sites 

for 

organic anions and cations in future experiments. 
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AB In the present study, functional characteristics of organic cation 

transporter (OCTN)l, which was cloned as the pH-dependent 

tetraethylammonium (TEA) transporter when expressed in 
mammalian human 

embryonic kidney (HEK)293 cells, were further investigated 
using Xenopus 

oocytes as well as HEK293 cells as gene expression systems. 
When 

OCTN1 -derived complementary RNA was injected into Xenopus 
oocytes, 

pH-dependent transport of [14C]TEA was observed as the same in 
HEK293 

cells. In contrast, a replacement of sodium ions with potassium 
ions in 

the surrounding medium did not cause any change in [14C]TEA 
uptake in 

Xenopus oocytes expressed with OCTN1. In addition, when 
OCTN1 was 

expressed in HEK293 cells, efflux of TEA from the cells was pH 
dependent, 

with an accelerated rate at acidic external medium pH. 
Accordingly, 

membrane potential or sodium ions are suggested to have no 
influence on 

[14C]TEA transport and the transport activity of OCTN1 is 
directly 

affected by pH itself. Furthermore, addition of the unlabeled TEA 

in 

external medium enhanced the efflux of preloaded [14C]TEA. 
These 

observations suggest that OCTN1 is a pH-dependent and 
bidirectional TEA 

♦"transporter*** . ***OCTNl*** -mediated [14C]TE A 
uptake was 

inhibited by various organic cations such as cimetidine, 
procainamide, 

pyrilamine, quinidine, quinine, and verapamil. In addition, 
uptakes of 

cationic compounds such as [3H]pyrilamine, [3H]quinidine, and 
[3H]verapamil and zwitterionic L-[3H]carnitine were increased 

by 

expression of OCTN1 in Xenopus oocytes. Accordingly, OCTN1 
was 

functionally demonstrated to be a multispecific and pH-dependent 
organic 

cation transporter, which presumably functions as a 
proton/organic cation 

antiporter at the renal apical membrane and other tissues. 
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AB Numerous drugs and endogenous compounds are efficiently 
excreted from the 

renal proximal tubule via two carrier-mediated pathways, that are 
organic 

anion and organic cation transport systems. Since most 

nephrotoxicants are 

taken up into renal target cells for further actions, these transport 
systems seem to be an early event for nephrotoxicity. Recent 

advances in 

nephrotoxicity are molecular cloning of several transporters 
related to 

important toxic compounds in the kidney. An organic cation 
transporter 1 

(OCT1) was cloned in 1994. On the other hand, we recently 
isolated a 

complementary DNA that encodes an organic anion transporter 1 
(OATl)asan 

anion/dicarboxylate exchanger of the basolateral membrane of 
proximal 

tubule. Transepithelial secretion of organic anion consists of an 
influx 

of anionic substrates into the cell through the basolateral 
membrane and 

their efflux to the urine across the apical membrane. OAT1 
displays a 

remarkably wide substrate specificity, including endogenous 
substrates, a 

variety of drugs with different structures and natural toxins. We 
further 

isolated homologs of OAT series such as liver-specific OAT2 and 
kidney-, 

liver- and brain-expressing OAT3. Because the amino acid 
sequence of OAT1 

shows 38% identity to OCT1, a newly defined "multispecific 
organic ion 

transporter superfamily' will provide potential tools to assess 
mechanisms 

of many nephrotoxicants including drugs and xenobiotics, and 
contribute 

also in understanding more precisely nephrotoxic mechanisms of 
chemicals. 
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AB Primary carnitine deficiency, because of a defect of the tissue 
plasma 

membrane carnitine transporters, causes critical symptoms. 
However, the 

transporter has not been molecularly identified. In this study, we 
screened a human kidney cDNA library and assembled a 

cDNA-encoding OCTN2 

as a homologue of the organic cation ***trans porter*** 

***OCTNl*** 

, and then we examined the function of OCTN2 as a carnitine 
transporter. 

OCTN2-cDNA encodes a polypeptide of 557 amino acids with 
75.8% similarity 

to OCTN1. Northern blot analysis showed that OCTN2 is 
strongly expressed 

in kidney, skeletal muscle, heart, and placenta in adult humans. 
When 

OCTN2 was expressed in HEK293 cells, uptake of 
L-[3H]carnitine was 

strongly enhanced in a sodium-dependent manner with Km value 
of 4.34 

microM, whereas typical substrates for previously known organic 
cation 

transporters, tetraethylammonium and guanidine, were not good 
substitutes. 

OCTN2-mediated L-[3H]carnitine transport was inhibited by the 
D-isomer, 

acetyl-D,L-carnitine, and gamma-butyrobetaine with high affinity 
and by 

glycinebetaine with lower affinity, whereas choline, 
beta-hydroxybutyric 

acid, gamrna-aminobutyric acid, lysine, and taurine were not 
inhibitory. 

Because the observed tissue distribution of OCTN2 is consistent 
with the 

reported distribution of carnitine transport activity and the 
functional 

characteristics of OCTN2 coincide with those reported for plasma 
membrane 

carnitine transport, we conclude that OCTN2 is a physiologically 
important, high affinity sodium-carnitine cotransporter in humans. 
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AB We have cloned OCTN2, a new member of the organic cation 
transporter 

family, from a human placental trophoblast cell line. The 
hOCTN2 cDNA 

codes for a protein of 557 amino acids with twelve putative 
transmembrane 

domains. The octn2 gene, located on human chromosome 5q31, 
consists of ten 

exons. The OCTN2-specific transcript, 3.5 kb in size, is expressed 
widely 

in human tissues and in cell lines of human origin. At the level of 
amino 

acid sequence, OCTN2 is more closely related to OCTN1 than to 
OCTl,OCT2 

and OCT3 . When expressed heterologously in HeLa cells, 
OCTN2 mediates the 

transport of tetraethylammonium, a prototypical organic cation, in 

a 

pH-dependent manner. Several organic cations, including the 
neurotoxins 

1 -methyl-4-phenylpyridinium, 
l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine, 

and methamphetamine, compete for the OCTN2-mediated 
transport process. 
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AB cDNA for a novel proton/organic cation ***transporter*** , 

***OCTNl *** , was cloned from human fetal liver and its 
transport 

activity was investigated. OCTN1 encodes a 551 -amino acid 
protein with 1 1 

transmembrane domains and one nucleotide binding site motif. It 

is 

strongly expressed in kidney, trachea, bone marrow and fetal liver 
and in 

several human cancer cell lines, but not in adult liver. When 
expressed in 

HEK293 cells, OCTN1 exhibited saturable and pH-dependent 
[3H]tetraethyl 

ammonium uptake with higher activity at neutral and alkaline pH 
than at 

acidic pH. Furthermore, treatment with metabolic inhibitors 
reduced the 

uptake, which is consistent with the presence of the nucleotide 
binding 

site sequence motif. Although its subcellular localization and 
detailed 

functional characteristics are not clear at present, OCTN 1 appears 
to be a 

novel proton antiporter that functions for active secretion of 



cation ic 

compounds across the renal epithelial brush-border membrane. It 
may play a 

role in the renal excretion of xenobiotics and their metabolites. 
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AB We investigated whether the uptake of a specific antipsychotic 
agent, 

sulpiride, in Caco-2 cells is mediated by a carrier-mediated 
system. 

Caco-2 cell monolayers were cultured in plastic culture dishes and 
uptake 

and efflux studies were conducted. The detn. of sulpiride was 
performed 

by HPLC. At 37.degree.C, sulpiride uptake in pH 6.0 was twice 
as much as 

in pH 7.4. At 4.degree.C, however, no significant difference was 
obsd. 

between pH 6.0 and 7.4. The uptake at 4. degree. C was markedly 
lower than 

that obtained at 37.degree.C. The subtraction of the uptake at 
4.degree.C 

from the uptake at 37.degree.C indicated a saturable process, and 

the 

result of the Eadie-Hofstee plot anal, indicated that the uptake 
consists 

of two or more saturable components. The uptake was 
significantly 

inhibited by uncoupler, protonophore, amino acid modifying agent 
and 

proteinase. Sulpiride efflux was temp.-dependent and was 
significantly 

inhibited by uncoupler and amino acid modifying agent. These 
findings 

indicate that sulpiride uptake and efflux in Caco-2 cells are 
carrier-mediated. Furthermore, the uptake was significantly 
decreased by 

some substrates and inhibitors of peptide ***transporter*** , 
PEPT1, 

and org. cation ***transporters*** , ***OCTNl*** and 
OCTN2, and was 

significantly increased by preloading with them. The uptake was 
also 

significantly increased by a typical substrate of P-glycoprotein. 
From 

these findings, we presumed that peptide ***transporter*** 
PEPT1 and 

org. cation """"transporters*** ***0CTN1*** and OCTN2 
are involved 

with this uptake. P-glycoprotein may also contribute to the efflux 

of 

sulpiride. 
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AB Org. cation transporters (OCTs) are responsible for excretion of 
cationic 

substances into urine. Tissue OCT expression may be important 
for the 

disposition and excretion of xenobiotics. Therefore, OCT1, 
OCT2, OCT3, 

OCTN1, and OCTN2 mRNA levels were measured in adult rat 
tissues and rat 

kidney tissue at various stages of development from day 0 to 45. 
OCT1 

mRNA expression was highest in kidney and spleen, moderate in 
skin, and 

low in the gastrointestinal tract, brain, lung, thymus, muscle, and 
prostate. OCT2 mRNA levels were highest in kidney, with low 
expression in 

other tissues, and with renal OCT2 levels being approx. 4 times 
higher in 

males than that in females. In gonadectomized males, OCT2 
mRNA levels 

were attenuated to female levels, suggesting a role for testosterone 

in 

OCT2 expression. OCT3 was moderately expressed in kidney 
and was highest 

in blood vessel, skin, and thymus. OCTN1 was expressed in most 
of the 

tissues examd., with relatively higher expression in kidney and 
ileum and 

lower levels in thymus. Lastly, OCTN2 was expressed 

abundantly in kidney 

and ileum, moderately in large intestine, dorsal prostate, bladder, 
duodenum, and cerebellum, and minimally in thymus, spleen, and 

cerebral 

cortex. Renal OCT1, OCTN1, and OCTN2 mRNA levels 
increased gradually from 

postnatal day 0 through day 45 in both genders. Renal OCT2 
levels 

remained the same in males and females through day 25 and then 
dramatically increased only in male kidney after day 30. In 
summary, OCT 

mRNA was detected primarily in kidney, and the high level of 
renal OCT 

expression may explain why the kidney is a target organ for 
xenobiotics 

with cationic properties. 
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AB The pharmacol. properties of a specific agmatine uptake 
mechanism were 

investigated in the human glioma cell line SK-MG-1 and 
compared with those 

of the putrescine transporter expressed by the same cells and with 
those 

of several other org. cation transport systems or ion channels 
reported in 

the literature. The specific accumulation of [C]agmatine at 37 
above 

nonspecific accumulation at 4 was energy-dependent and 
saturable with a 

Vmax of 64.33.5 nmol/min per mg protein and a Km of 8.61.4 
mM. Specific 

accumulation was attenuated by replacement of extracellular Na 
by choline 

by 65%, not affected by lithium and enhanced by replacement by 
sucrose. 

Phentolamine, clonidine, l,3-di-(2-tolyl)guanidine, histamine, 
putrescine, 

spermine and spermidine were inhibitors of specific 

[14C]agmatine 

accumulation. In contrast, corticosterone, desipramine, 
O-methylisoprenaline, cirazoline, moxonidine, L-arginine, 

L-lysine, 

verapamil, nifedipine and CdC12 at concns. up to 10 mM failed to 
inhibit 

specific [14C]agmatine accumulation, thus excluding that the 
latter is 

mediated by amino acid or monoamine carriers, by Ca2+ channels 
or by the 

org. cation ***transporters*** OCT1, OCT2, OCT3, 
***OCTNl*** or 

OCTN2. The pattern of activity of inhibitory compds. was also 
different 

from that detd. for specific putrescine accumulation found in the 
same 

cells (Km 1.3.+-.0.1 mM, Vmax 26.1.+-.0.4 nmol/min per mg 
protein) ruling 

out an identity of the specific [14C]agmatine and [14C]putrescine 
accumulation mechanisms. It is concluded that specific 

accumulation of 

agmatine in human glioma cells is mediated by a specific 

transporter whose 

Pharmacol, properties are not identical to those of the agmatine 
transporter previously identified in rat brain synaptosomes and to 

other 

so far known carrier mechanisms for org. cations and ion 
channels. The 

agmatine uptake system may be important for the regulation of the 

extracellular concn, of agmatine in man. 
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AB Carnitine is essential for .beta.-oxidn. of fatty acids, and a defect 
of 

cell membrane transport of carnitine leads to fata) systemic 
carnitine 

deficiency. We have already shown that a defect of the org. 
cation/carnitine transporter OCTN2 is a primary cause of 
systemic 

carnitine deficiency. In the present study, we further isolated and 
characterized two new members of the OCTN family, OCTN1 
and OCTN3, in 

mice. AH three members were expressed commonly in kidney, 
and OCTN1 and 

-2 were also expressed in various tissues, whereas OCTN3 was 
characterized 

by predominant expression in testis. When their cDNAs were 
transfected 

into HEK293 cells, the cells exhibited transport activity for 
carnitine 

and/or the org. cation tetraethylammonium (TEA). Carnitine 
transport by 

OCTN1 and OCTN2 was Na+-dependent, whereas that by 
OCTN3 was 

Na+-independent TEA was transported by OCTN1 and OCTN2 
but notbyOCTN3. 

The relative uptake activity ratios of carnitine to TEA were 1.78, 
11.3, 

and 746 for OCTN1, -2, and -3, resp., suggesting high specificity 
ofOCTN3 

for carnitine and significantly lower carnitine transport activity of 
OCTN 1 . Thus, OCTN3 is unique in its limited tissue distribution 
and 

Na+-independent carnitine transport, whereas OCTN 1 efficiently 
transported 

TEA with minimal expression of carnitine transport activity and 
may have a 

different role from other members of the OCTN family. 
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AB A review with 80 refs. Here we review the structural and 
functional 

properties of org. anion transporters (OAT1, OAT2, OAT3) and 
org. cation 

♦♦♦transporters*** ( ***OCTNl*** , OCTN2, OCT1, OCT2, 

OCT3), some of 

which are involved in renal proximal tubular org. anion and cation 
secretion. These transporters share a predicted 12-transmembrane 

domain 

(TMD) structure with a large extracellular loop between TMD1 
and TMD2, 

carrying potential N-glycosylation sites. Conserved amino acid 



motifs 

revealed a relationship to the sugar transporter family within the 
major 

facilitator superfamily. Following heterologous expression, most 
OATs 

transported the model anion p-aminohippurate (PAH). OAT1, but 
not OAT2, 

exhibited PAH-. alpha. -ketoglutarate exchange. OCT 1-3 
transported the 

model cations tetraethylammonium (TEA), 
Nl-methylnicotinamide, and 

l-methyl-4-phenylpyridinium. OCTNs exhibited transport of 
TEA and/or 

preferably the zwitterionic carnitine. Substrate substitution as 
well as 

cis-inhibition expts. demonstrated polyspecificity of the OATs, 
OCTs, and 

OCTN1 . On the basis of comparison of the structurally closely 
related 

OATs and OCTs, it may be possible to delineate the binding sites 
for org. 

anions and cations in future expts. 
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AB This report describes the structure, function, and tissue 
distribution 

pattern of rat ***OCTNl*** (novel org. cation 
***transporter*** 

1). The rat OCTN1 cDNA was isolated from a rat placental 
cDNA library. 

The cDNA is 2258 bp long and codes for a protein of 553 amino 
acids. Its 

amino acid sequence bears high homol. to human OCTN1 (85% 
identity) and 

rat OCTN2 (74% identity). When expressed heterologously in 
mammalian 

cells, rat OCTN1 mediates Na+- independent and pH-dependent 
transport of 

the prototypical org. cation tetraethylammonium. The transporter 
interacts with a variety of structurally diverse.org. cations such as 
desipramine, dimethylamiloride, cimetidine, procainamide, and 
verapamil. 

Carnitine, a zwitterion, interacts with rat OCTN1 with a very low 
affinity. However, the transport of carnitine via rat OCTNI is not 
evident in the presence or absence of Na+. We conclude that rat 
***OCTNl*** is a multispecific org. cation ***transporter*** 

OCTNI -specific mRNA transcripts are present in a wide variety 
of tissues 

in the rat, principally in the liver, intestine, kidney, brain, heart 



and 

placenta. In situ hybridization shows the distribution pattern of 

the 

transcripts in the brain (cerebellum, hippocampus and cortex), 
kidney 

(cortex and medulla with relatively more abundance in the 
cortical-medullary junction), heart (myocardium and valves) and 

placenta 

(labyrinthine zone). 
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AB In the present study, functional characteristics of org. cation 
transporter (OCTN)l, which was cloned as the pH-dependent 
tetraethylammonium (TEA) transporter when expressed in 

mammalian human 

embryonic kidney (HEK)293 cells, were further investigated 

using Xenopus 

oocytes as well as HEK293 cells as gene expression systems. 
When 

OCTNI -derived complementary RNA was injected into Xenopus 
oocytes, 

pH-dependent transport of [14C]TEA was obsd. as the same in 
HEK293 cells. 

In contrast, a replacement of sodium ions with potassium ions in 

the 

surrounding medium did not cause any change in [14C]TEA 
uptake in Xenopus 

oocytes expressed with OCTNI. In addn., when OCTNI was 
expressed in 

HEK293 cells, efflux of TEA from the cells was pH dependent, 
with an 

accelerated rate at acidic external medium pH. Accordingly, 
membrane 

potential or sodium ions are suggested to have no influence on 
[14CJTEA 

transport and the transport activity of OCTNI is directly affected 
bypH 

itself. Furthermore, addn. of the unlabeled TEA in external 
medium 

enhanced the efflux of preloaded [14C]TEA. These observations 
suggest 

that OCTNI is a pH-dependent and bidirectional TEA transporter. 

OCTNI -mediated [14CJTEA uptake was inhibited by various 
org. cations such 

as cimetidine, procainamide, pyrilamine, quinidine, quinine, and 

verapamil. In addn., uptakes of cationic compds. such as 
[3H]pyrilamine, 

[3H]quinidine, and [3H]verapamiI and zwitterionic 
L-[3H]carnitine were 



increased by expression of OCTN1 in Xenopus oocytes. 
Accordingly, OCTN1 

was functionally demonstrated to be a multispecific and 
pH-dependent org. 

cation transporter, which presumably functions as a proton/org. 
cation 

antiporter at the renal apical membrane and other tissues. 
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AB The cDNA of novel genes encoding cation ** ""transporters*** 

***OCTNl *** and OCTN2 are isolated by screening a fetal 
cDNA library of 

human or mice by random sequencing. Proteins OCTN 1 and 
OCTN2 of human are 

comprised of 551 and 557 amino acids, resp.; proteins OCTN1 
and OCTN2 of 

mice are comprised of 553 and 557 amino acids, resp. 
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AB Primary carnitine deficiency, because of a defect of the tissue 
plasma 

membrane carnitine transporters, causes crit. symptoms. 
However, the 

transporter has not been molecularly identified. In this study, the 

authors screened a human kidney cDNA library and assembled a 
cDNA-encoding 

OCTN2 as a homolog of the org. cation ***transporter*** 
***OCTNl*** 

, and then the authors examd. the function of OCTN2 as a 
carnitine 

transporter. OCTN2-cDNA encodes a polypeptide of 557 amino 
acids with 

75.8% similarity to OCTN1. Northern blot anal, showed that 
OCTN2 is 

strongly expressed in kidney, skeletal muscle, heart, and placenta 

in 

adult humans. When OCTN2 was expressed in HEK293 cells, 
uptake of 

L-[3H]carnitine was strongly enhanced in a sodium-dependent 
manner with Km 

value of 4.34 mu.M, whereas typical substrates for previously 
known org. 

cation transporters, tetraethylammonium and guanidine, were not 
good 

substitutes. OCTN2-mediated L-[3H]carnitine transport was 
inhibited by 

the D-isomer, acetyl-D,L-carnitine, and . gamma. -butyrobetaine 
with high 

affinity and by glycinebetaine with lower affinity, whereas 
choline, 

.beta.-hydroxybutyric acid, .gamma.-arninobutyric acid, lysine, 
and taurine 

were not inhibitory. Because the obsd. tissue distribution of 
OCTN2 is 

consistent with the reported distribution of carnitine transport 
activity 

and the functional characteristics of OCTN2 coincide with those 
reported 

for plasma membrane carnitine transport, the authors conclude 
that OCTN2 

is a physiol. important, high affinity sodium-carnitine 
cotransporter in 
humans. 
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AB The cDNA for a novel org. cation ***transporter** + ( 
***OCTNl*** ) 

was cloned from human fetal liver. The functional properties of 
OCTN1 

were examd. by measuring tetra-Et ammonium (TEA) transport 
by HEK293 

cells. Transport of TEA by OCTN1 is sensitive to pH, suggesting 
that it 

may be a proton/org. cation antiporter. ACTN 1 exhibited 
metabolic energy 

dependent TEA uptake, which may indicate a partially primary 
active 

transport. Although its subcellular localization and detailed 
functional 

characteristics are not clear at present, OCTN1 may be a renal 
proton/org. 

cation antiporter functioning at the renal epithelial apical 
membrane. 
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AB CDNA for a novel proton/org. cation ♦♦♦transporter^** , 
***OCTNl*** 

, was cloned from human fetal liver and its transport activity was 
investigated. OCTN1 encodes a 551-amino acid protein with 1 1 
transmembrane domains and one nucleotide binding site motif It 

is 

strongly expressed in kidney, trachea, bone marrow and fetal liver 
and in 

several human cancer cell lines, but not in adult liver. When 
expressed 

in HEK293 cells, OCTN1 exhibited saturable and pH-dependent 
[3H]tetraethyl 

ammonium uptake with higher activity at neutral and alk. pH than 
at acidic 

pH. Furthermore, treatment with metabolic inhibitors reduced the 
uptake, 

which is consistent with the presence of the nucleotide binding site 
sequence motif. Although its subcellular localization and detailed 
functional characteristics are not clear at present, OCTN1 appears 
to be a 

novel proton antiporter that functions for active secretion of 
cationic 

compds. across the renal epithelial brush-border membrane. It 
may play a 

role in the renal excretion of xenobiotics and their metabolites. 
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AB Disclosed are methods for providing sustained systemic blood 
concentrations of orally delivered drugs. Still further, disclosed 

are 

compounds and pharmaceutical compositions that are used in 
such methods. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Human stress arrays and methods for their use are provided. 

The subject 

arrays include a plurality of polynucleotide spots, each of which 

is 

made up of a polynucleotide probe composition of unique 
polynucleotides 

corresponding to a human stress gene. The subject arrays find 
use in 

hybridization assays, particularly in assays for the identification 

of 

differential gene expression of human stress genes. 
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